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∇2φ＝ρσ  （1） 
∇2φ＝0  （2） 
 　ここで，φは電位［V］，ρは電流密度
［A/m 2 ］，σは媒質の導電率［S/m］（［Ωm］ －1 ）
である。 
 式（1）や（2）のような二階偏微分方程式 
 L［φ］＝ f （3） 
 を有限要素法で解くために，次の汎関数 
I（φ）＝ 1








































2 ∫Vσ｛（∂φ∂x ）2＋（∂φ∂y ）2＋（∂φ∂z ）2｝

































Sij＝∫Vσ（∂Ni∂x ∂Nj∂x ＋∂Ni∂y ∂Nj∂y
＋∂Ni∂z
∂Nj
∂z ）dxdydz （14） 










φi gi （16） 







φjSij－gi ＝0 （17） 
 で求めることができる。 




　　　　   i＝1, 2, …, 8  （18） 





































Fig. 1　A hexahedron element with eight nodes and transformation of global coordinates 


















































Fig. 2　Cylindrical model that was used in FEM simulation 
for calculating the muscular electric field and the 
surface potential.  In this model, single muscle fiber 
and single active potential were assumed.
Fig. 3　Four types of model were used in the FEM simulation. 
(a) Whole muscle model that is consisted of muscle 
tissue, (b) two-layer model that is consisted of muscle 
and subcutaneous tissue, (c) three-layer model that 
is consisted of muscle, subcutaneous tissue and skin, 
and (d) four-layer model that is consisted of muscle, 
















筋線維膜の透過電位  V m は，筋線維長軸方向の
座標を  z として， 
Vm＝96z3 exp（－z）－90  （22） 




















Fig. 4　An example of the mesh generation for 2D region on the cross section of cylinder. 
The number of nodes and elements were 30,149 and 29,646, respectively.  The 
3D mesh, which consisted of hexahedron element, was generated by splitting 
the cylinder model toward the longitudinal direction with 0.5 mm interval and 
the calculation of finite element method was executed.  Total number of nodes 
and elements were 18,119,549 and 17,787,600, respectively.
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Fig. 5　Function for the current source, which is equivalent 
to the second order derivative of the intra-cellular 
potential, was used in FEM simulation.
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ここで  FEM は有限要素シミュレーションによ
る表面電位， Model は逆解析で用いた表面筋電





























































































Fig. 7　The surface plot of surface electric myo-potential that was calculated 
by FEM when the current source was 10 mm in depth, and the 
results of the inverse analysis of surface electric myo-potential.
Fig. 8　The surface plot of surface electric myo-potential that was calculated 
by FEM when the current source was 15 mm in depth, and the 
results of the inverse analysis of surface electric myo-potential.
Fig. 9　The surface plot of surface electric myo-potential that was 
calculated by FEM when the current source was 20 mm in depth, 



































Fig. 10　The effect of ‘depth of current source’ on the estimation error of depth 
(a), strength (b), CV (c) and the ‘goodness of fit’ (d) in the inverse 
analysis.  The significant effects (p＜0.0001) of depth of current source 
in FEM simulation were shown in estimation error of all parameters (a) 
to (d). Furthermore, the significant differences were shown between 
all levels of the depth of current source (p＜0.0001).
有限要素法を用いた表面筋電位シミュレーションと逆解析
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Fig. 11　The effect of model type on the estimation error of depth (a), strength 
(b), CV (c) and the ‘goodness of fit’ (d) in the inverse analysis.  The 
significant difference were shown between model 1, 2 and model 3, 4 in 
the estimation error of depth, strength and CV (p＜0.0001).
Fig. 12　The effect of ‘thickness’ of epidermis and dermis in four-layer 
model on the estimation error of depth (a), strength (b), and 
CV (c) in the inverse analysis.  The significant effects of the 
thickness of epidermis and dermis were shown in the estimation 
error of depth, strength and CV (p＜0.0001). Furthermore, the 
estimation error in the level of 1.0 mm were smaller significantly 
in (a) and (c), and the estimation error between all level except 
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Simulation with finite element method and 
inverse analysis of surface EMG
 Kenji Saitou 1 , Morihiko Okada 2 
 Abstract 
 In order to clarify the effect of the inhomogeneous tissues on surface myoelectric potential 
and the results of inverse analysis of surface electromyogram (EMG), the simulations with finite 
element method (FEM) were executed and the inverse analyses were applied to the results of FEM 
simulation.  Cylindrical models with four types in the layer configuration were used in the FEM 
simulation for the surface EMG.  The layer structure consisted of the muscle, subcutaneous tissue, 
dermis and epidermis.  Varying the values of such parameters as conductivity and thickness of those 
layers, the calculations of FEM were executed 126 times.  And such parameters as depth, strength 
and conduction velocity (CV) of current source were estimated through the inverse analysis from 
the results of FEM calculation.  As the results, the error of depth and CV estimated through the 
inverse analysis was larger when the depth of current source in the simulation with FEM was larger. 
The error of depth and strength estimated from the results of the FEM simulation with the three-
layer and four-layer model were larger than the values estimated from the other two types of model. 
Furthermore, the simulation of this study made clear that the thickness of dermis and epidermis had 
an effect on the estimation of the inverse analysis in only the four-layer model. 
 Keywords: Finite element method, Simulation, Inverse analysis, Surface EMG 
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